Based on the energy balance method (EBM), a more accurate analytical solution of the pendulum equation with rotating support was presented. The results were compared with those obtained by the differential transformation method (DTM) and He's improved energy balance method. It was shown that the results are more accurate than the said methods.
INTRODUCTION
Many scientific problems in natural sciences and engineering are inherently nonlinear, but it is difficult to determine their exact solutions. Many analytical methods are available to find their approximate solution. The perturbation methods (Nayfeh, 1973; He, 2006) were originally developed for handling weak nonlinear problems. Recently, some of them were modified (Cheung et al., 1991) to investigate strong nonlinear problems. Homotopy perturbation (Belendez, 2007; Ganji and Sadighi, 2006; Belendez et al., 2008; Ozis and Yildirim, 2007) , iteration method (Haque et al., 2013; Jamshidi and Ganji, 2010; Lim et al., 2006; Baghani et al., 2012; Rafei et al., 2007) are useful for obtaining approximate periodic solution with large amplitude of oscillations; however, they are applicable only for odd nonlinearity problems. Harmonic balance method (Mickens, 1986; Lim et al., 2005; Belendez et al., 2006; Wu et al., 2006; Mickens, 2007; Alam et al., 2007; Belendez et al., 2009; Lai et al., 2009; Hosen et al., 2012) is a powerful method in which truncated Fourier series is used. Iterative homotopy harmonic balance (Guo and Leung, 2010) , differential transformation (Ghafoori et al., 2011) and max-min (Yazdi et al., 2012) methods have been developed for solving strongly nonlinear oscillators. Energy balance method (He, 2002; Khan and Mirzabeigy, 2014; Alam et al., 2016; Mehdipour et al., 2010; Ebru et al., 2016; Zhang et al., 2009 ) is another widely used technique for solving strongly nonlinear oscillators. Though, all these analytical methods have been developed for handling nonlinear oscillator, they provide almost similar results for a particular approximation. Recently, EBM has been modified by truncating some higher order terms of the algebraic equations of related variables to the solution (Alam et al., 2016) and it measures more correct result than the usual method. Moreover, the modification on EBM used in Alam et al. (2016) is valid for some nonlinear oscillators, especially when In this article, the EBM (Alam et al., 2016) was utilized to determine the approximate solution of pendulum equation with rotating support. This type of oscillator was analyzed by Ghafoori et al. (2011) applying differential transformation method (DTM), Belendez et al. (2006) using harmonic balance method and Yazdi et al. (2012) using max-min approach. He (2002) first introduced energy balance method and Khan and Mirzabeigy (2014) was used to improve accuracy of He's energy balance method to obtain the solution of pendulum equation with rotating support. The present method can be applied to nonlinear oscillatory systems where the nonlinear terms are not small and no perturbation parameter is required.
THE BASIC IDEA OF HE'S ENERGY BALANCE METHODS
A general form of nonlinear oscillator is
where over dot denotes the derivative with respect to time
According to the variational principle, Equation (1) can be written as:
is a period of the oscillation,  is the frequency of the oscillator (to be determined) and
. The Hamiltonian of Equation (2) is presented by the following equation:
which provides the following residual
The first-order approximate solution of Equation (1) is assumed in the following form:
Substituting Equation (5) into Equation (4), we obtain:
Improved energy balance method Khan and Mirzabeigy (2014) considered the solution:
According to initial conditions, it becomes
Eliminating 1 b from Equations (8)-(9), the solution takes the form:
By substitution of Equation (10) into Equation (4), the residual is obtained, which contain two unknown parameters,  and b . For determining these parameters, two equations are essential; the first equation obtained by collocation method as follows:
Then the second equation is obtained using Galerkin-Petrov method as follows:
By solving Equations (11) and (12) 
More accurate solution
Let us consider
unknown constant) and then Equation (8) 
Substituting Equation (13) into Equation (4) residual is obtained as:
This residual contain two unknown constants  and u . In order to determine these constants, we need two equations which are obtained from:
Solving these two equations simultaneously, we obtain  and u .
Application
Mathematical model of a pendulum attached to a rotating support Where (% error) denotes the absolute percentage error. (Ghafoori et al., 2011; Khan and Mirzabeigy, 2014 ) is expressed as 
According to the variational principle, Equation (17) 
Also, residual of Equation (19) is:
.
Substituting Equation (13) 
Eliminating 2  between Equations (21) and (22) 
RESULTS AND DISCUSSION
A more accurate solution of Equation (16) was determined. The solution was compared with those presented by Ghafoori et al. (2011) and Khan and Mirzabeigy (2014) . All the results together with numerical solution (obtained by fourth-order Runge-Kutta formula) are presented in Table 1 . From the results shown in the table, it is clear that the percentage error of the present solution did not exceed 0.69%. On the contrary, the maximum percentage errors of DTM (Ghafoori et al., 2011) and improved EBM (Khan and Mirzabeigy, 2014) are respectively 29.41 and 2.22%. Thus, the present method provides more accurate solution.
Conclusion
Based on EBM, an analytical approximate solution was presented for solving pendulum equation with rotating support. The solution is nicely close to the exact results and are much better than those obtained by differential transformation method (DTM) (Ghafoori et al., 2011) and improved accuracy of He's energy balance method (Khan and Mirzabeigy, 2014) . The relative error of the present method is lower than those obtained by others (Ghafoori et al., 2011; Khan and Mirzabeigy, 2014) .
